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The prominent hydrographic characteristic of Yugoslavia is ite richness
in water. There is the Adriatic Sea with a 1,916-k110meter-long coastline extend-
ing from the mouth of the Miroa to the mouth of the Bojana. There are many lakes,
3 considerable mmber of rivers of various length, and very many cold and warm
springs and wells. The principal hydrographic characteristic prevailing in karst
,:areas 13 that of underground rivers.

&

The largest body of water in Yugoslavia is the Adriatic Sea. The smaller
half of its total area, about 55 +000 square kilometers, belongs to Yogoslevia,
The open sea 18 more often disturbed than chennels and bays, especially {n the
vinter monthe from October to February, when the Adriatic is stréngly ogitated by
the bora and the south wind (iugo or silok). The bora creater choppy weves, usually
under 2,5 meters in height, which cross each other and impede shippin.;. The south
vind causes the highest wvaves » 3 %o 3.5 meters, mostly regularly shaped and crested,
The waves causéd by this wind are very often more than 30 meters in length., The
channels considerably influence the waves because the waves must follow their course.
Therefore, it often happens that vaves caused by the same vind enter the open sea
from different directions » Cross each other collide, and create whirlpools which
are dangercus to shipping. -
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The flow snd ebd of the tide dees not vecur on the entire Adriatic at the-
s 78me time beeause the tidal wave is pushed to the right by the powers of attrac-
tion that cause its deviation, Therefore, high tide appears in Korcula at 0400 - .4
i hours, in Zsdar at 0600 “ours, and in Krk at 0800 hours (see Figure 1 below),
’ vhile on the opposite, Italian, cosst the tide ebbs at the same times.
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Figure 1. Tide Table of Full Tide (lines drawn
between coast and islands) and Middle Levels
Between Flood and Ebb in Centimeters (fig-
ures apply to the coast and 1slands)
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The difference between the tide's flow and ebb is slight in the deep south-
ern basin of the Adriatic (in Kotor end Dubrownik, 30-31 centimeters), and quite
wide in the shallower northern basin (in Pule, 48 centimeters; around Trieste,
85-G8 centimeters). These tidal changes are not of cqual duration. In some

’ channels during quadrature phese (vhen sun and moon, observed from the earth,
' froum an angle of 90 degreee), thexe is only ome flow and one ebb of the tide
within 24 hours; this especially holds true in Zader chamnel and around RijJeka.

Information on currents in the Adriatic from seventeenth century sources is
quite in egreement with the latest research. The sea current enters the Adriatic
through the Straits of Otramto. It moves along the Yugoslav coast as & northwest
current (the currents are named by thelr direction of flow)}. Smaller branches
separate from the current at Kotorski Zsliv and turn to the left into the open
sea, this especilally between Dubrovnik and Korcula, The average veloclity of the

-3 porthwest current is about 7.2 kilometers per day, but it becomes faster in the
b centrsl Adriatic, from Hercegnovi %o Vis (about 13 kilometers per day), then
soutmverd (7.5 kilometers per dey) or morthward (i kxilometicrs per day).
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Among other characteristics of the Adriatic Sea, its temperature is of
special importance. The temperature on the surface and in minor depths is sub-
Ject to insignificant annual changes because of the geographic location of the
sea and the high specific heat of the water, and especielly because of the high
vinter temperature. The annual difference in temperature in Mali Kvarnmer is
sbout 1k,5 degrees centigrade; it decreases southward s 80 that 1t 18 11 degrees
centigrade southwest of Dubrovnik in the open sea. In vinter the temperature
increases rrom the north toward the south and from the coast toward the open sea.

The lowest temperatures are at the mouths of large rivers. The temperature
ie also comparatively low in Kotorski Zaliv, The surface temperature of the open
sea in winter is 7-8 degrees centigrade higher in the southeast Adriatic than in
the northwest Adriatic. The difference in the swrface temperatures in the open
sea is insignificent in summer: the average temperature in the north is 22 degrees
centigrade, and the south 25 degrees. The evaporation is quite rapid on the
Adriatic besause of the high temperature. The result is high salt content and
high water transparency. The transperency of the clearest witer compares with
that of the tropical seas. The Adriatic is the most transparent around the deepest
rlaces, that is, up to 50 meters; 1t 1s less transparent in the open sea in the
northern, shallower basin, 30-45 meters in depth, and still less so along the coast
and at the river mouths.

Sea water has the very peculiar ability to purify itself: 21: separates the
suspended organic and inorgenic particles as a sediment within a very short time,
with the process being more rapid in warmer water, This is vhy the open waters
of the Adriatic are clearer than some colder zeas, as for instance the Baltic Sea.

The salt content of the Adriatic's water near the surface increases from the
northwest toward the srutheagt, along with the *emperature (on the average from
33 to over 38 per mill [Eetera per 1,000 meter_s]). The salt content increases
slightly as the water gets deeper. The high salt content of the Adriatic
equals that of thr central pert of the Mediterranean Sea.

The color of the Adriatic is related to the tranmparency end the salt con-
tent. The blue color of the water increases with heightened salt content. Nearer
the comst and around the mouths of rivers, i1t becomes green, The color depends
greatly on some other factors, such as *he elevation of the sun, the presence of
clouds, water movements, depth, color of the bottom, etc. The most beautiful
actions of light can be observed in “he Blue Grott> (Modre SpilJje) on the sast
gide of Bilsevo Island., The cave is colored an intense blue.

The Adrlstic has strongly-developed convection currentr -- vertical wmovements
of the water -- because of its physical and chemical properties. This shifting
of water masses equalizes the temperature, salt content, and oxygen content from
the surface to the bottom. The great thermal importasnce of the convection currents
can be seen by the fact that, during the summer half of the year. they store
350,000-450,000 kilogram-calories of heat in a coiuun of water 60-70 meters deep
and one meter square. The zame gquantity of heat is released during winter. This
is the reason for mild winters along the Adriatic, even in the coldest worths.

The asbove-mentioned water movements expla.n the ri-hness of the Adristic's
oxygen content, very important factor for maintaining the balance of life i~ the
sea, The oxygen content of the surface water is very seldom belaw 96 percest
and increases sometimes up to oversaturation. Even at maximum depths, as a rule,
the oxygen content does not fall telow 80 percent.

The coxygen content o +he Ldriatic. provided Ly strong waves and verticsl
water movements, is very importar+ fcr the eoxistamce and developmeat of flora
P

and fauna, cspecially of Tizn. Fishing L3 very well developed amoni ne <OA3TAl
populstion.
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conditions, Among the elimatie conditions for lakes and rivers, the most important
18 the geographic distribution of atmospheric precipitation in individual months
and in the 6eason of gnow thavs, especially {n wountain areag, Lowlands ang plains,
with river ang mountain valleys and fields, occupy about 63 ;000 square kilometers,
&1 area somewhat larger than one fourth of ali Yugoslavig'g territory. The rest

of the area consists of hills, mountains, apg mountain ranges,

There are many lakes in the country of various origins at least 80 far ag
the formation of sheir beds ig concerned, Al together, hovever, they do not
OCCupy more than Tho 8quare kilometers » Or 3 percent of the Yugoslay territory.

fluvia) origin, Most of the lakes were formed by simultaneous op alternating
action of Several foreces ang not solely by the single action of one certain force.
The largest number of lakes are fresh water, Hovever, some of them close to the
Adriatic coast are salty water,

The large lakes are located at the frontier with Greece and Albania, The
largest one 1g Leke Scutari » the deepest cpe 18 Lake Ohrid » 8nd the hignest one
is Lake Prespa. The beds of lakes Ohrid, Prespe, and Doiran are of tectonic
origin, They are locateq in depressions more or less in a meridian direction,
The first two lakes show karst influences, The Yed of Lake Doiran 1s in an oval
valley between crystalline glates of Paleozoic formation., It 18 surrounded by
hills; to the north ig Belasica Mountain, Twvo other lakes are surroundeqd by high
mountains and are at a high elevation themselves: Lake Prespa 1s 853 meters and
Lake Ohrid 1s 695 meter: above gea lavel.

Lake Prespa, with &n area of 285.4 Square kilometers (186.2 Bquare kilometers
belong to Yugoslavia), has an irregular shape, Its larger paci 1s 18-20 meters
deep, There are two depressions on its bottom, like tvo valleys » Where the lake
is 34,5 apg sk.9 meters deep, respectively. The lake recciveg it8 water through
Several small stregms from the surrounding uountains. Its water disappears under
the ground through the Zavir abyss and several smaller ones. This water appears

water 1g 23.4 degrees centigrade in Summer and 2,¢ degrees centigrade in winter,
The water 18, on the average 2,1 degrees warmer in autumn thap in spring. The
temperature 13 almost completely equalized 1n winter (1sothemy) at depths of
Approximately 32 meteps, On 2k December 1931, on 16 January 1932, they were be-
tween 4,1 and k2 degrees. In summer the temperature decreases with the depth,
the temperature dropping 8 degrees Centigrade in vater 14-16 meters deep,

sounding made {g 285.7 meters. Although many small streamg feed the lake, 1t
receives much more vater from the wells and springs on 1tg limestone periphery
and on 1ts bottom, Therefore, Lake Ohrid has a Very marrov drainage &area, which
conditions somewhat itg physical properties. The Crni Drim carries the water
from the lake.

Much data 15 available on the thermal situetion or tlhis lake. Laka Chrid
bas a surface temperuture of ig -8 degraae centigrade during the summer daytime
hourg, fThe aurface of the lake 18, o the average 9,7 degree colder in the morn-
ing <han in the &veniag, Daily temperature differences are 3.6 degrees
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centigrade in summer and 1.3 degrees in winter, The average surface temperature
in May (about 15 degrees) is considerably lower than in September (about 21.2
degrees). The temperature rapidly decreases from the surface toward the botiom
during the warmest month, At the bottom it 18 no higher than 5 degrees centi-
grede (at least this condition obtaiped in 1926-1928?.] The lowest temperature

of the lake 1s in February (7.2 degrees), and the highest in August (24.2 degrees).
Accordingly, the amnual difference in temperature c¢n the surface is slight, 17.0
degrees centigrade. The periods of lowest and highest temperatures develop a
considerable length of time after the solstiv.e, a characteristic property of sea
surfaces, Lake Ohrid has two temperature jumps during evmmer: 15-20 meters

deep the difrerence in temperature is 2.4 degrees centigrade and 25-35 meters

deep the difference i3 4.7 degrees, Put temperature levelsr shift to grea‘er depths
at the end of summer: +the first one » to between 30 and U5 meters , and the second
one, to between 50 and 60 meters; the differences in temperature also become greater,
The lake never freezes in winter, except for a narrov belt along the shore,

Lake Ohrid is extremely clear teczause very few particles are suspended in
its water, so that the 1ight penetrates very deeply., The limit of transparency
is almost always over 14 meters in depth., The water of the lake is greenlsh in
color at the shore, and becomes bluer, even ultramarine » toward the center,

Lake Prespa is notas transparent .s Lake Ohrid, and its transparency, along
with the color, changes from one spot to another. A wvhite shelf or table can be
seen at & depth of 2,6 meters 200 meters offshore, and in the center of the lake,
up to a depth of 7.2 meters.

Lake Doiran has an area ot 42,7 square kilometers {27.1 square kilometers
belong to Yugoslavia), It 1s 10 meters deep and 1+s surfece is 148 meters above
8ea level., It i5 fed by several streams » which are dry in sumuer, and by wells
at the bottom of the luke. The morning temperature of the lake surface in August
18 25-26.6 degrees centigrade, betweer 15.2 and 15,5 degrees in the first half
of October and increases by 1600 hours to 17.2 degrees. The temperature decreases
toward the bottom, faster in sumer (in August 3.6 degrees at a depth of b meters)
thar in autumn (in October 1.1 degrees), A temperature Jjump with a difference of
2,5 degrees centigrade in s layer between 2 and 4 meters deep was found in August,
but it ie not constant. It disappeared at the end of August and reappeared several
days later. The water ig yellow %0 dark green in color. It is not very clear
becange of suspended clay particies, Therefore, the transparency of this lake i3
not 20 good as that of Lake Prespa. A white table can be seen in August at a depth
of 0.6 meter and in October st a depth of about 3,6 metars.

Lake Scutari is of different origin, At its location a depression was pri-
marily formed which was changed by karat erosion and cirque formations into a
large karst field. When the western part of the Balkan Peninsula lowered in a
later period, this f£ield became inundated by sea water; therefore, it is a cerypto-
depression -- a field which is constantly under water. The bot*om of Lake
Scutari inclines toward the northweat ; 1t 18 6-7 meters in depth, and along the
horthwest shore there are nine "eyes," undervater cirques, 8-44 meters in depth.
Leake Scutari is the largest lake of the Balkan Peninsula, with an area of 369.7
square kilometers, 221,7 square kilometers belonging to Yugoslavia. The lake's
level {8 subject to substantial changes, zince its depth increases 2,6 meters
(in some years, up to 3.6 meters) during the period from the end of summer up
to the beginning of winter. This is caused by dry summers and heavy, late
autumn rains, Very often the eurrounding plains are flooded over an area of
550 kilometers. The water of this lske is fresh, although it centains more
chlorides than the water of cther l:kes :n Tugoslevia, In Junz, the ‘smpera-
ture of tne lake wvater sherply decresse: “rom the rurfacs towsrd the boctom, from
22.0 degrees centigrads at the surface to 10.7 degrees at u depth of 25 wmsters.
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The layer of the temperature-jump phenomenon 1lies betveen 3 and 15 meters
below the surface. In some spots 1t 18 8o sharply pronounced that the tempera-
ture decreases 2,2 degrees centigrade for each meter of depth. Thie is caused
Ey theninfluence of the cold spring water from the sides and bottoms of the

eyes, ’

The beds of some other karst lakes also are crypto-depressions since their
bottom 15 below the sea level because of reasons mentioned above. As a rule,
the formation of these beds 1is caused by several factors. Thus the bed of Lake
Vranka, with an area of 30.2 square kilometers, was formed by anticlinal move-
ments, and has on ite shores and bottom several whirlpools called "virovi." The
bed of Lake Prokljan, with an area of 11.1 square kilometers, was formed in a
depressed valley around the mouth of the Krka, downstream from Skradin. The
Karinskc More, with an area of 5.5 square kilometers, and the Novigradsko More,
with an area of 28.5 aquare kilometers » are of the same type, both bteing near
the mouth of the Zrmanja River. Their beds are in synclinal depressions, Thege
Beas are comnected by the Ribnica Straits , and the Novigradsko is connected with
the Adriatic through the Maslenica Straits, The surface water of Prokijan is
salty; the salt content is 11.3 per mill, but it increases to 25.4 per mill at
& depth of only 4 weters., The Novigradsko More has a salt content of 1h-15 per
mill at the mouth of the Zrmanja, while it is higher than 30 pe:r mill in other

parts,

The water is salty alsoc in some other crypto-depressions such as Njivice on
Krk, Muravnjek on Dugi Otok, Blato and Ml jet, etc.

The karst-type lake 1is develcped in limestone areas with typical karst forma-
tions, They differ as to origin, They are fcund especially in the typical karst
area between the Ljubljanica and Bojana rivers. The smallest of them were formed
in sinkholes. Such, for instance » are Lake Porikva on Krk Tsland; Lake Sawino
(about 1,000 met-erss in Prokletije, south of Gusinjde; Lake Zagubica in esztern
Serbia, from which the Mlava River originates; and others,

Of fluvial and karst origin are the lakes in such rlaces where the normal
river bed was closed by a transversal wall. Such are lakes Gornji ani Donji in
the Pliva River valley above Jajce, ani the Plitvice lakee *n the Korana river
valley. These lakes are part of a string of 18 small lskes between 504 and 635
meters above sea level, and cccupying an area of 2 square kilometerz, The largest
are Lake Kozjak {0.76 square kilcmeter) and Lake Proscan {0.66 square kilometer).
All lakes are formed as terraces, one below the cther, and connected ty swift
waterfalls. Some of these lakes are very deep, 24-50 metere, clear and quite
trezoparent, and blue or greenish in color. Lake Svica near Otocac {0.65 square
kilometer) is of similar origin. It is 4n the valley of the Svica River and its
bed represents s valley c¢losed by travertine.

A large number of karst Pields ani velleys become seamsonal lakes during the
period of heavy rains and snow thawe: Secause the abysses are not able to carry
away the total influx of water. The duration of flood depends upon the length
of the rainy period and upon the capacity of abysses., All such lakes receive
their water through temporary creeks and streams or through underground rivers
and wels on their bottoms. The typical representative of this group of lakes is
the above-mentioned Lake Svica. There are three groups of abysses in 1ts bed ,
Each7 with an opening of 26 square meters. They carry away the water from the
Yake c:d the bed 15 mostly dry during o.mmer. When the Sviea River is at a high
water level, the lake re.zhes a depth of 27 meters, at times a depth of 35 meters,

Lake Cerknice in Siovenis 15 & rmembtes of *his group, It &xist: f4r abous
i0 mon“hs out of cvery year, From 2utuamn Lo the end of July. during which paried
it covers about 38 sjuere Kiicmeters of tha Carimies valley. To =ummer, 3 caity
lake remaing with an srea of culy C.6 2qudre xilometer in ine scuthwsst portion
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and Fatnicko Polje are Tlooded for 6 to 7 months. Three quarters ¢f the Mostarsko

DPerlod of heavy rains extends here from Octobar to April. Some perts are covered
with vater 6 meters deep. Some smaller parts are covered with water, even late

in summer, and that 1g why that area is called "blato" (mud)., Thege fields are
flooded for such g long time because their bottoms are as low as the river channels
that constantly carry water, and the abysges are much to small to be able to carry

away the entire influx of water,

acko Polje drain much faster. The Duvan jsko Polje 18 flooded for only about 10
days, The Livanjsko Polje is now, after reclamation s flooded for & shorter period,
2-3 months, Formerly the flood lasted three times ionger.

There are many smal). river lakes along all larger rivers in the Pannonian
basin., Their beds are isolated ueanders, parts of the former river hed, and there-

RESTRICTED ]

J1 Kraj area. The Glamocko Polje, Dabarsko Pol je,

) are flooded from December to April because the

The Kupresko Polje, Duvanjsko PolJe, and Gat-

fore they are ealled dead or old waters, All these lakes are a type of fresh-water
swamp, Some of them are quite large. Most of them constantly contain water which
18 renewed during floods., In such statiorary swamps, the water becomes salty when
it 18 not renewed, The section of western Backa between Telecka and the northern
frontier hds very wany such alkaline éwamps. A special industrial activity, the
producti 1 of potash, formerly develdped around them. The best knowm sulfuric
alkaline-muriatic lakes are Luie Palic at Subotics s with an area of 4,2 Bquare
kilometers, and in the Lake Rusar'a Banat (near Melenci), a muddy lake with alka-

l;ne-muriatic water, with an ares

of about 1.5 Equare kilometers.

Most numerous but sles smallest are the lakes on high mountains, 1,120 %o
2,470 meters above sea level » egpecially from Durmitor to Treskavica, on Triglav,
Prokletije, and Sar Planina, Their beds Were formed by ice erosion. Some of
them, Skrcka lakes on Durmitor and most of the "akes on Sar Planina and Bjelacica,
have beds dug into cirquee, In some other cases, Lake Sisko on Bjelasica and Lake
Pesica on Treskavica, the beds are algo in cirques but covered witn moraine walls,
or the beds are in depressions between moraines, such as lakes Poscen and Riblje
on Durmitor, The third group of lakee ontain deposits of moraine material, such
as Lake Platno on Treskavica and Lake Biograd on Bjelasica » Or contein moraine
deposits along the 8lopes on their periphery, such as Lake Borac on Prenj, Lake
Zmijinje on Durmitor, and lakes Belo and Crmo on Sar Planina.

Lake Plav at

th
depth 9.5 meters, 901 meters above sea level) contains & number of moraine walls

from Plav to Noveic village. Its
and represents the lowest part of

bed was formed by ice erosion in #trong rock
the frontier ice basin. Of the same origin are

the beds of the romantic Lake BohanJ vith an area of 3.15 square kilometers, and

I Lake Bled, with an area of 1.4

Square kilometers, southeast of Triglav, Their

valleys are surrounded by a limestone partition. Both lakes are up to 45 meters

deep.

All mountein lakes are clear

and greenish or blue in color, Some of them

are very cold., The temperature of Lake Platno is 8 degrees centigrade in Sumer.,
Some of the small lakes are surrounied by swamp grass, Closer to the mountains
they are surroundeq by fiber grasses > 88 in the instances of lakes Riblje and

Poscen,

The water level in all larger lakes fluctuates during the year. These

veriations are lesg pronocunced in

lakes without outlets or vith but a few gmall

tributaries than in lakes with large tributaries. This can be seen by comparing
lakes Bled and Bohinj. Both are in the 2ame climatic area and the range of amnual
precipitation 18 sbout the same over the drainage aress of both lgkes (atcut 8 per

cent of the snnusl precipitation;

See Figure 2 below). Lut the former 45es nnt pave

fay tributszilss or cutle:e and ‘the latier has the gavics Sributnry apd the Sava
Bohinjkm streem. The drainage area of Lake Bohird alse receives more precipiission
{about 279 centiieters annuallv) “han the drainage area of Lake Bled 31 the average,

7L centimeters of precipitation},

Therefore the fluctuations of the water level of

Lake Bohinj are wider than those of Lake Bled (Figure 2).
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Figure 2. Annual Range of Frecipitation (P) in the
Drainage Arems of Lake bohinj (1) and Lake Bled (2)
and the Water Level {R) of Both Lakes from 1923 to 1940,

The same kind of diffesences are found between lakes Scutard and Chrid.
The former has several larger tributaries, such as the Crmnica, Crnojevica Rijeka,
Moraca, and the Proni Sat, and 1ts outlet is the Bojana River, lake Ohrid does
not have any significant tributary, but the Crni Drim carries its water off. The
orographic factor is even more importart here. The Xrainsge area of Lake Seutari
includes valleys ana high meontains “rom Prokletije over Bialssice, Lola, Lf sae,
enl Loveen %0 Rumija, with arn aversgs annual precipitation of 200 centimeters.
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Lake -Ohrid hag a very limited drainage area, receiving ennual orecipitation at
86 centimeters. The Morace, the largest tributary of Lake Bcutari, is at es-
Ppically high stage late in sutumn and in spring, but much lower in sumer, There-
fore Lake Scutari shows sharp periodic fluctus* sns of the water level of 206
: . centineters, Fluctuations of the vater level in Lake Ohrid are seven times less
3 ==~ 30 centireters on the average (Figure 3).
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Pigure 3. Annual Precipitation Range (P) in the
. Drainage Area of Take Scutari (1) and Lake Ohrid
(2), and'the Water Level (B) of Both lakes from
© 1923 to 19k0.
- -9-
&

i

g;nltiz;;‘”cgg;AApproved' fo Relese 2011/08/19 : CIA-RDP80-00809A000700070133-5




-
R VY Y -

Sanitized Copy Approved for Release 2011/08/19 : CIA-RDP80-00809A000700070133-5

RESTRICTED I STAT
RIVERS

Yugoslavia's rivers flow in various directions according to their geographic
location and orographic configuration. The rivers flowing eustward empty into
the Black Bea, southward, into the Aegean Sea, and southwestward, into the Adriatic
Sea., The vatershed between these three drainage areas consists of mostly mountain
ranges, partly highlands, and only locally pleins. The hydrographic knot of these

areas is far in the south of the country on Drmansks Glava (1,364 wmeters),

vhich 18 on top of Crnoljeva Mountain., The existence of the Pannonian Sea in young
Tertiary caused the watershed between the Black and Aegean Sea to shift far to-
vard the south, and the watershed between the Black and Adriatic Sea disproportion-
ately more toward the western frontier of the country. All mountain systems vere
formed in that period. Therefore ; T0 percent of our entire country is within the
drainage area of the Black Sea.

: There are differences between the rivers of the nentioned drainage areas with
regard to the annusl water level range, the fluctuations in water level, arnd the
slze of tributaries. All this is connected with the precipitation in each of the
drainage areas.

All rivers of the Black Sea drainage ares flowing through Yugoslavia have
& regular gradient; it gradually decreases from the source toward the mouth. The
rivers in mountain areas very often flow through rocks and their gradient is in
steps. It is sharper In the upper reaches through rocks, and lower when the
rivers become wider in plains. Such rivers are the Una, Bosna, and Drina with
the tributaries Linm und Djehotina, Juzna Morava, and Ibar. The Bosna's tri-
butaries, the Usora and Krivaja, have almost & regular gradient, as do the Ibar's
tributaries, the Sitnica and the Raska. The former group of rivers, flowing
through plains, has a lower gradient than the second one. The average gradient
of the Sava from the source to the mouth 1s 0.8] per mill, the Sitnica, 0.76 per
will, and the Kupa, 1.04 per mill, The Vrbas flows mostly through mountains and
has an average gradient of 4.3 per mill and the Ibar, 3,74 per mill. Some
mountain rivers have even higher gradients: the Ibar's tributary, the Studenica,
14.9 per mill; the Drava's tributary, the Dravinja, 16.k per mill; the Toplica‘s
tributary, the Bresnicka, 24.7 per mill; and the Rasina's tributary, the Grasevacka,
30.9 per mill, ’

Yugoslavia's largest rivers are within the Black Sea drainage area: the
Danube, Drava, Tisa, Save, and Moravs . Only the Sava and the Morava, with their
tributeries, are entirely (from the source to the mouth) within Yugoslavia, The
Danube and its tributaries mutually influence each other &8s to the water level,
Upsiream from the mouth oi its large tributaries, the Danube imposes its water
level to their Yower reaches. Downstream from the mouths of its large tributaries,
the tributaries. influence the water level of the Danube. This mutual influence
can be observed by the average monthly water levels.

The Danube has the characteristic of an Alpine river up to Novi Sad. There
18 not mnch wvater in its drainsge area during the cold wonths from October to
Pebruary, and there is very much water there from April to June. High water levels
* are caused partly by heavy rains in early summer. ‘The Danube's character changes
somevhat downstream under the influence of the Tisa ;» Save, and the Morava. High
water preavails from March to June » 8lnce snow in the mounteins begins to melt even
earlier. lLow water obtains ear’ - in autimn (frow August to October), because there
is not much rain, and in January oecause of large quantities of snow. The dif-
ferences in the annual water-level periods extst east and west of approximately
20 degrees 283t longituds,

The Dreva and Sava, with their tributeries, have two typiczl high water
levels (the first in spring end the Sccond late in autumn) and two low. water levels,
-
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Winter and sumer oinimm wveter levels are about equal in all mountain rivers in
the northwest (for instance the Savinja), while the Summer minimum is more typical
in other Savs tributaries (for instance, the Une and Drina), Rivers east of 20
degrees longitude are typified by a single annual water-level period, high water
in spring and low water late in summer,

The rivers within the Aeg an Ses drainage area have about the same water-
level periods as the rivers in the eastern part of the Danuue drainage area.
The highest water level ig in April or May and the lowest in August or September,
Examples of this are the Vardar, Peinja, and the Crna Reka, All valleys in
this drainage area show tectonic influences. At present, the Vardar valley con-
8ists of several valleys depressed along the dividing 1ine and separated by
rocks, Therefore, the Vardar's gradient 1s irregular: 1t increases through rocky
territory, although 1t decresses over the whole distance from 1is source to
1ts mouth,

The rivers of the Aegean Sea drainage area show wide variations in the amount
of water they carry. For instance, 565 cubic meters of water per second flow in
the Vardar River at high water level, and at the lowest water level » 31.2 cubic
meters per second, that is, 18 times lees, Many smaller rivers dry up in summer
becauge of drought and leave dry, sandy beds, as with the Bregalnica's tributary,
the Kriva Lekavica, and most of the Peinja's tributaries,

The rivers of the Adriatic drainage area have a different aspect. This 1s
the ares with most rain late in autumn > and there is another additional meximum
in one of the 8pring months » while the summer remains dry -- increasinglr go
southward, Large rivers in this area are fed by melted snow from medium and high
mountains., Therefore » they have two equally high water levels » the firat one in
March or April and the second in November or December. Hovever, the low water
late in summer 1s more typical than that in winter, Characteristic examples for
water-level movements are the Krka, Neretva, snd the Moraca, The annual amount
of water carried by rivers of the Adriatic drainage area 1s quite large because
of the high amount of precipitation throughout the year.,

The gradient of rivers in the Adriatic drainage area is very irregular,
None of the normal rivers in thie ares has an equalized gradient. The rivers
renetrate with difficulty through steep, often narrow and deep, canyons, forming
currents and high waterfalls, Whenthe rivers widen in valleys or fields ; the
gradient decreases 8o much thet 1% appears on a graph as abrupt ateps. Most
irregular is the gradient of the Cetina, since it increases from the sources
towvard the mouth hecauge of high waterfalls in the lower reachee upstream from
the town of Zadvarje, Generally speaking, all large rivers have a fubstantial
gradient: the Krka, U4.h per will; the Cetina and Feretva, 4.7 per mill; the
Zrmanga, 5.0 per uill; and the Moraca, 19.7 per mill,

The volume of water carried by Yugoslav rivers varies widely. The volume
of flow of the Danube at Vienns i3 61,15 cubic kilometers amnually. After having
rcceived the water from several larger tributaries downstream, and after having
entered Yugoslavia at Bezdan, the flow of the Danube increases to 70,64 cubic
kilometers, Still farther downstream, after having been juaned by its large
tributaries, the Drava, Tisa, and the Sava, the volume of the Danube increases
Rt Pancevo to 169.66 cubic kilometers and at Orsava to 175,34 cubic kilometers,
This increase 18 to be attributed to the Morava, Mlava, Karas, Nera, the Pek,
and other small tributaries in the Djerdap region. It should be pointed out
that the Neretva has a large annual flow of 8.83 cubte kilometers » while the
Vardar carries only 5.90 cubir kilometers of water to the Aegean Sea annually,
although its drainage area is three and = half times larger than that of <he
Reretva. This revlects the disprororticante amounys of rain in these éraicage
aress,
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In A«'!dition to normal rivers, which have normal valleys and flow on the
Surfece: from the source to the wouth, there 15 another group: underground
Tivers, wvhich prevail in the limestone areas. Leaving their source s they flow
for a short distance on the surface of the earth and then Suddenly disappear,
dropping into sbysges. The valleys of the underground rivers are as irregular
&8 their flow, Some valleys have very steep sides right at the river source )
which 1s under steep walls, such as the Ljubl janica, RiJjeka Dubrovacka, and the
Mlava. Some valleys are closed at the abyss, that is, their walls meet at the
abyss, so they are called blind valleys. Such is the valley of Brestovica on
the Kucaj or of Jaruga in Stejnicko Polje below Mala Kapela,

x The distance these underground rivers flow on the swrface rivers is mostly
very shoit; however, the underground channels continue for a longer distance.
due longest underground rivers are: the Trebisnica between Bilec-Trebinje-
Zavela (93.8 kilometers), the Like at Gospic and Perusic (78.1 kilometers), and
the Mreznica in the arce between Ogulin and Karlovac (62.6 kilometers). It has
been established that 8ome of these rivers go underground several times and re-
appear on the surface a number of times but under different names. Some of these
are the right tributaries of the Ljubljanica (the underground riverr Trbuhovica,
Loski Obrh, Strzek. and Rak) and tae left tributaries of the Ljubljanica (the
undergrount rfver Pivka and its tributary the Panoscica). Each of them disappeers
underground each time on a lover level as it approaches the Ljubljanica, and each
one flows under the ground for a certain distance. The Pivka and Rak originate
in Planina Polje from a larger mmber of wells » Vhich foim the underground river
Unec, Aftey flowing anderground, the river appears a% Vrhnike as the source of
the Ljubljanica,

The Trebisnjica is an opposite instance, This river, after having entered
the abysses, flows in underground channels partly toward the Neretva into Der-
ansko and Svitavsko Blato » and the larger part flows toward the Dubrovacka River
and toward Bistrine in Stonski Bay. The sources of these rivers are sometimes
very strong., The Mava, for instance » originates in Zagubicko Vrelo and there
povers 8 water mfll with six wheels, The Trebisnjica carries g substantially
large volume of water » 8lthough it 18 fed mostly by wells. It carrles about 145
cubic meters of water per second in April, but only 13 cubic meters per Becond
at the end of June.

It is characteristic that some karst rivers carry water constantly, as the
Rakitnica in Dolenjsko and the Gracanica in the southwest end of Gatacko Polje,
while the others 8easonally Ay up. An excellent example of this type 15 the
Recire in Glamocko Polje, which 1s without vater during the three hottest and
driest months, from July to September, and carries high water during the very
rainy month of November, Important also is the fact that nearly contiguous
reaches of surface rivers wil, have dry beds for different lengths of time., The
reason for this is that the abysaes are of various sizes » and they cannot take
the same quantity of water off within the same length of time ; 8180, one section
of the bed might have more abysses + another nearby Section, which w11l take
off larger quantities of surface wate~, The Recipa's bed is also not dry the
same length of time every year,

It seems that the water level of the underground rivers is higher closer to
the abysses, as wag established in the case of the Trebisnjica. The reason for
this lies in the high gradient and in the fact that the abyss cannot take off the
water ag fast as it flors into the &abyss,
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